The opposite effects of cyclic AMP-protein kinase a signal transduction pathway on renal cortical and medullary Na+,K+-ATPase activity.
Cyclic AMP-protein kinase A (PKA) pathway plays an important role in signal transduction in renal tubular cells, however, its role in transport regulation is not completely established. The aim of this study was to investigate in vivo the effect of PKA on renal Na, K-ATPase activity. The study was performed in male Wistar rats. The animals were anaesthetized with pentobarbital and investigated drugs were infused through the catheter inserted into the abdominal aorta. Na+,K+-ATPase activity was assayed in an isolated microsomal fraction of the renal cortex and medulla. Cell-permeable cAMP analogue, dibutyryl-cAMP (db-cAMP), dose-dependently stimulated Na+,K+-ATPase in the renal cortex and inhibited in the renal medulla. Maximal stimulation (+38.5%) and inhibition (-46.8%) were observed at a dose of 10(-6) mol/kg/min. Measurement of Na+,K+-ATPase activity at different Na' concentrations revealed that in the renal cortex db-cAMP increased Vmax of the enzyme without any effect on sodium affinity, whereas in the renal medulla decrease in Vmax was accompanied by decreased sodium affinity, evidenced by elevated K(0.5) for sodium. The effect of db-cAMP was mimicked by the infusion of either adenylate cyclase activator, forskolin, or inhibitor of phosphodiesterase, IBMX. Both stimulatory and inhibitory effects of db-cAMP were prevented by pretreatment with protein kinase A inhibitor, KT 5720 (10(-8) mol/kg/min) but not by inhibitor of protein kinase G, KT 5823. The inhibitory effect in the renal medulla was partially blocked by pretreatment with either ethoxyresorufin or 17-ODYA - two nonspecific inhibitors of cytochrome P450-dependent arachidonate metabolism, whereas an inhibitor of epoxygenase, miconazole, was not effective. Infusion of 20-hydroxyeicosatetraenoic acid (20-HETE) at a dose of 10(-10) mol/kg/min decreased medullary Na+,K+-ATPase activity by 24.2%. Exogenous protein phosphatases inhibitor, okadaic acid (OA, 10(-8) - 10(-7) mol/kg/min) caused dose-dependent decrease in renal medullary Na+,K+-ATPase activity, maximally by 31.9%, but had no effect in the renal cortex. The effects of OA and db-cAMP in the renal medulla were not additive. When OA administration (10(-7) mol/kg/min) was followed by 20-HETE (10(-10) mol/kg/min), medullary Na+,K-ATPase activity decreased by 48.6% and was similar as after db-cAMP. We conclude, that cAMP-PKA pathway activates Na+,K+-ATPase in the renal cortex and inhibits in the renal medulla. The inhibitory effect is partially mediated by cytochrome P450-dependent arachidonate metabolites and possibly also by PKA-dependent inhibition of protein phosphatases.